Plutella xylostella L. (Lepidoptera: Plutellidae) is an important pest causing significant losses to vegetables worldwide. Insecticides resistance in P. xylostella is a serious issue for scientists since last 30 years. However, deltamethrin and Bt Cry1Ac are commonly used insecticides against P. xylostella but studies involving development of resistance in P. xylostella against these two insecticides at different temperatures are lacking. The current study was aimed to find out the toxicity of deltamethrin and Bt Cry1Ac, and resistance development in P. xylostella. Results showed that the positive correlation between the temperature and toxicities of deltamethrin and Bt Cry1Ac. The results indicated À0.051, À0.049, À0.047, and À0.046 folds of deltamethrin resistance at 15°C, 20°C, 25°C, and 30°C temperatures, respectively from 1 st to 12 th generations. The toxicity of Bt Cry1Ac after 24 h was 2.2 and 4.8 folds on 1 st generation at 20°C and 25°C temperatures, respectively compared to the toxicity recorded at 15°C
Introduction
The diamondback moth, Plutella xylostella L. (Lepidoptera: Plutellidae), is an important insect pest of cruciferous crops worldwide (Furlong et al., 2013; Jaleel et al., 2017; Saeed et al., 2019) . Worldwide yield losses and the cost of management associated with the diamondback moth is estimated to be about 4-5 billion dollars annually (Zalucki et al., 2012) . Chemical control is a most common and effective way to manage P. xylostella. But the serious concern to use different insecticides for P. xylostella is the development of insecticides resistance (Talekar and Shelton, 1993; Troczka et al., 2017) . The extensive use of different insecticides results in the more selection pressure on P. xlostella leading to the development of resistance to more than 95 different insecticides. This situation is quite threating and considered as the biggest implications for Integrated Pest Management (IPM) of this pest (Steinbach et al., 2017) . Among insecticides, pyrethroid and bacterial insecticides are most commonly use insecticides against of P. xylostella in Asia especially Pakistan (Gong et al., 2010; Zamojska et al., 2011) . Deltamethrin is the most important pyrethroid used against the P. xylostella (Zamojska et al., 2011) . The susceptibility against pyrethroids has been studied against the field population of P. xylostella (Sayyed et al., 2008) . Several studies have reported high resistance in P. xylostella to several conventional, new chemistry insecticides and bacterial insecticides due to their extensive use in vegetables or agricultural crops (Sayyed et al., 2008; Shelton, 2007) .
The Bt Cry1Ac is one of the most important bio-pesticides used against many Lepidopterans pests like P. xylostella (Gong et al., 2010; Nian et al., 2015; Zhou et al., 2011) . This toxin has also been used in many toxicity studies against P. xylostella but studies showing the change in toxicity at different temperatures are lacking. According to Mohan and Gujar (2002) Bt kurstaki was found to be the safer and effective bio-pesticides against the P. xylostella.
Among abiotic factors, the temperature significantly affects the metabolism and survival rate of insect pests (Arrese and Soulages, 2010) . Temperature affects the efficacy of insecticides, the correlation between temperature and insecticides is an important study to establishing the IPM strategies (Ahn et al., 2012; Notter-Hausmann and Dorn, 2010; Saeed et al., 2016) . Detailed studies involving the effect of temperature on toxicity and insecticides resistance in P. xylostella are lacking from Pakistan.
Considering the importance of P. xylostella, this study was aimed to find out the stability of deltamethrin and Bt Cry1Ac resistance in P. xylostella in the absence of selection pressure at different temperatures. Baseline susceptibility data were generated and the susceptibility was observed in succeeding generations at different temperature under laboratory conditions.
Material and methods

Plant materials
The cabbage plants were used in the study. For this purpose, seeds of Brassica oleracea var. capitata were purchased from the market and sown in plastic boxes (6 Â 10 Â 20 cm) 5-7 weeks before the start of experiment.
Collection and rearing of P. xylostella
The larvae of P. xylostella were collected from cabbage fields located at Multan, Pakistan in 2017 and shifted to laboratory in plastic bottles (15 Â 25 cm). The larvae were reared at different temperatures, 15°C, 20°C, 25°C, and 30°C, 65 ± 5% relative humidity, and 14 h :10 h (L : D) photoperiod in incubators (Model VELP # 90E Japan, Model SANYO # 153MIR) before the beginning of the experimental study.
Insecticides
Deltamethrin (Super Delta 10 EC) and Bt Cry1Ac (BTK formulation 2000 iu/mL) were purchased from the local market and used in this experiment.
Bioassays
Second instar larvae of P. xylostella were treated with deltamethrin and Bt Cry1Ac for toxicological studies at each temperature on 1 
Statistical analysis
The LC 50 values of each insecticide at each temperature were calculated by using the probit analysis method through POLO-PC Program (LeOra, 2003) . A resistance factor (RF) was calculated according to the method of Wearing and Colhoun (2005) . Temperature coefficients of each insecticide were calculated by following the methodology of Musser and Shelton (2005) . The temperature coefficient was considered positive if lower LC 50 value was at higher temperature and negative when lower LC 50 at lower temperature.
Results
The evaluation of toxicity for deltamethrin and Bt Cry1Ac, showed increase toxicity with the increase of temperature
Deltamethrin
There was a positive correlation between the toxicity of deltamethrin and different temperature ranges (15°C, 20°C, 25°C, and 30°C). At 20°C and 25°C temperatures, the toxicity of deltamethrin (in the term of LC 50 values) was 1.34 and 2.27 times higher as compared to that recorded at 15°C (i.e. non-overlapping of 95% CI). Similarly, the toxicity of deltamethrin was four times higher for 1 st generation of P. xylostella at 30°C. values observed in 12 th generation (Table 1) .
Bt Cry1Ac
The relationship between the toxicity of Bt Cry1Ac and all tested temperatures (15°C, 20°C, 25°C, and 30°C) was similar as observed for deltamethrin. The toxicity of Bt Cry1Ac was increased with the increase in temperature. The toxicity of Bt Cry1Ac at 30°C was increased 9.61 times once exposed at the 1 st generation larvae of P. xylostella. Toxicity observed was in positive correlation with temperature coefficient all the generations of P. xylostella (Table 2) . On 1 st generation field population of P. xylostella, maximum LC 50 values of Bt Cry1Ac were observed after 24 h (156107.93 mg/mL) of treatment followed by decreasing values after 48 (91791.74 mg/mL), and 72 h (29205.69 mg/mL). However, the same pattern was observed at 12 th generation of P. xylostella but with quite lower LC 50 values (Table 2) .
Discussion
A number of experiments have been performed to better understand interactions between different pathogens used against insect pests (Wraight and Ramos, 2005; Zhou et al., 2011) . However, only a few studies are available on the interaction between temperature and insecticides against the P. xylostella (Sayyed et al., 2008) . Hence, the current study was conducted to define the possible effects of deltamethrin and Bt Cry1Ac against the P. xylostella at a different temperature. Deltamethrin is one of the best pyrethroid that has been used for 30 years (Zamojska et al., 2011) . Several lepidopteran insect pests endure severe stress at a low followed by high temperature and a positive correlation has been observed between the toxicity of deltamethrin and the temperature (Li et al., 2007) . With the increase of temperature, the toxicity of deltamethrin was found highest. The coefficient of temperature becomes positive as the temperature increases and resistance increases owing to the high rate of metabolism (Punzo, 1993) . According to Toth and Sparks (1990) temperature coefficient correlation with pyrethroids either positive or negative it depends upon the insect. Our results showed positive temperature correlation in case mortality against the deltamethrin and BtCry1Ac.
The Bt toxin (protein) has been known for its insecticidal properties, and it has the ability to multiply in a suitable temperature (Ferré and Van Rie, 2002; Höfte and Whiteley, 1989) . At low temperatures, the activity of Bt toxins is inhibited in plants, however, at high temperatures (i.e. 36-42°C) the crystalline protein is diluted or its effectiveness is reduced in transgenic crops (Hilbert and Piggot, 2004) . The results of this experiment summarized that temperature in the range of 20-25°C is ideal the management program of P. xylostella, that is the reason why in unselected population, P. xylostella mortality was increased against pyretheroids and Bt Cry1Ac. Our study concluded that susceptibility of larvae of P. xylostella against deltamethrin (pyrethroid) and Bt Cry1Ac was increased with the increase of temperature because of high feeding and metabolism rate. Deltamethrin and Bt Cry1Ac must be used an integrated strategy for controlling P. xylostella in practice. Moreover, advance studies to know the mechanism involve in toxicity of these insecticides with the combination of Lepidopterans are desirable. Our study will be helpful in the management of P. xylostella in many vegetable crops. 
